Abstract The H.264/AVC video coding standard uses in intraprediction, 9 directional modes for 4 × 4 and 8 × 8 luma blocks, and 4 directional modes for 16 × 16 luma macroblocks, and 8 × 8 chroma blocks. The use of the variable block size and multiple modes in intraprediction makes the intracoding of H.264/AVC very efficient compared with other compression standards; however, computational complexity is increased significantly. In this paper, we propose a fast mode selection algorithm for intracoding. This algorithm is based on the vector of the block's gravity center whose direction is used to select the best candidate prediction mode for intracoding. On this basis, only a small number of intraprediction modes are chosen for rate distortion optimization (RDO) calculation. Different video sequences are used to test the performance of proposed method. The simulation results show that the proposed algorithm increases significantly the speed of intracoding with negligible loss of peak signal-to-noise ratio quality.
. The core of H.264/AVC was frozen in 2003; compared with the previous video coding standards, H.264/AVC shows better performance in terms of peak signal-to-noise ratio (PSNR) and visual quality at the same bit rate [3] . This is accomplished mainly due to the consideration of integer transform, in-loop deblocking filter, context-based adaptive binary arithmetic coding (CABAC) and also due to better exploitation of the temporal and the spatial correlation that may exist between different frames and adjacent macroblocks (MB), respectively, with the multiple prediction modes and the variable block size in intra-and intercoding [4, 5] .
Intraprediction is an important technique in image and video compression to exploit spatial correlation within one picture. The intraprediction used in H.264/AVC is different from the one in the other standards. In previous video coding standards (namely H.263 and MPEG-4), intraprediction has been conducted in the transform domain. However, in H.264/AVC, the intraprediction is conducted by using spatially neighboring samples of a given block, which have already been transmitted and decoded. The H.264/AVC video coding standard supports intraprediction for various block sizes. For coding the luma signal, a 16 × 16 macroblock may be predicted as a whole using intra-16 × 16 modes, or the macroblock (MB) can be predicted as individual 4 × 4 blocks using nine intra-4 × 4 modes. In the profiles that support Fidelity Range Extension (FRExt) tools, a macroblock may also be predicted as individual 8x8 blocks using nine intra-8 × 8 modes [6] . The chroma intraprediction uses only intra-8 × 8 with four mode directions similar to those for luma intra-16 × 16 prediction.
The rate distortion optimization technique, RDO, has been employed in H.264/AVC for both intra-and interprediction modes selection to achieve higher coding efficiency. In order to select the optimal encoding mode for an MB, H.264/AVC video encoder calculates the rate distortion cost (denoted as RDcost) of every possible mode and chooses the mode having the minimum value, and this process is repeatedly carried out for all the possible modes for a given MB. Figure 1 shows the RDO process [7, 8] . As can be observed from this figure, in order to acquire each RDcost value of a possible mode, the value of the distortion and the rate are computed. The distortion computation involves integer discrete cosine transform, quantization, dequantization, and inverse integer discrete cosine transform; the rate computation requires the entropy coding to be calculated for prediction mode, motion vector, quantization parameter, quantized transform coefficients, and so on. Unfortunately, the computational burden of this type of exhaustively full searching algorithm is far more demanding than any other existing video coding standards.
To reduce this complexity, fast intraprediction algorithms have been proposed [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Pan et al. [13] proposed a fast mode decision scheme with a pre-processing technique, which measures the edge direction of a given block so as to reduce the number of probable intraprediction modes and thus diminishes complexity. Su et al. [15] propose a fast mode decision algorithm for H.264/AVC intraprediction based on integer transform and adaptive threshold. In this work, before the intraprediction, integer transform operations on the original image are performed to find the directions of local textures.
Li et al. [16, 17] have proposed a fast intramode selection algorithm for H.264/AVC. It uses a fast edge detection method which is based on non-normalized Haar transform (NHT), to allow extracting edges for each subblock. For each block, the edge classification algorithm is used to determine the intra-prediction modes. Based on the edge mode, the corresponding prediction modes can be selected in terms of the possible edge directions. However, these approaches increase the bit rate or increase the complexity due to the precalculations needed and/or effect PSNR degradation heavily.
In this paper, we present ultra-fast intraprediction algorithm based on the vector of the block's gravity center. The direction of this vector is used to select the direction of intraprediction. For various video sequences, the simulation results show that the fast algorithm proposed in this paper can increase the encoding speed of intrapicture coding significantly with a negligible PSNR loss or an insignificant bit rate increment.
Subsequent sections are organized as below: Section 2 describes the intramode decision in H.264/AVC. In Sect. 3, we describe in detail the proposed fast intraprediction algorithm. In Sect. 4, we present the experimental results and discuss the performance of the proposed algorithm, and then, we conclude this paper in Sect. 5.
Overview of intracoding in H.264/AVC
The H.264/AVC standard exploits the spatial correlation between adjacent macroblocks/blocks for intraprediction; the current macroblock is predicted by the adjacent pixels in the upper and the left macroblocks that have been encoded earlier. For the luma prediction samples, the prediction block may be formed for each 4 × 4 subblock or for a 16 × 16 macroblock. The number of prediction modes used to select the best candidate depends on the subblock size: nine modes are used for a 4 × 4 luma subblock, and 4 modes for a 16 × 16 luma or 8 × 8 chroma subblocks.
4 × 4 Luma intraprediction modes
In 4 ×4 intraprediction modes, the values of each 4 ×4 block of luma samples are predicted from the neighboring pixels above and to the left of the 4 × 4 block. Nine different directional ways of performing the prediction can be selected by the encoder as illustrated in Fig. 2 Each prediction direction corresponds to a particular set of spatially dependent linear combinations of previously encoded samples to be used as the prediction of each input sample. For the purpose of illustration, Fig. 2a shows a 4 × 4 block of pixels denoted a, b, c …p, belonging to a macroblock to be coded. Pixels denoted A, B, C …H, and I, J, K, L, M are the encoded neighboring pixels used in the prediction computation of the pixels of the current 4 × 4 block. In order to provide improved functionality for high fidelity video coding including lossless video coding, Joint Video Team developed extensions to the original H.264/AVC standard known as the Fidelity Range Extensions (FRExt) [6] . In the FRExt amendment, an additional intermediate prediction block size of 8×8 was introduced for spatial luma prediction by extending the concepts of 4×4 intraprediction to improve coding efficiency. For the 8 × 8 intraprediction, 9 prediction modes are used as in the prediction of a 4 × 4 block. These modes are specified in a similar manner to the modes in Intra-4×4 prediction except for the plane prediction [4, 5] . For the chrominance (chroma) components, there are four prediction modes that are applied to both 8 × 8 chroma blocks (U and V), which are very similar to the 16 × 16 luma prediction except that the order of mode numbers is different: To achieve the highest coding efficiency, H.264/AVC employs rate distortion optimization (RDO) technique to get the best coding result in terms of maximizing coding quality and minimizing resulting data bits. According to [13] , the number of RDO calculation in a MB is equal to N 8 − chr × (N 4 × 16N 8 × 4 + N 16), where N8-chr, N4, N8, and N16 represent the number of modes for 8 × 8 chroma blocks, 4 × 4, 8 × 8, and 16 × 16 luma blocks, respectively. It means that for an MB, it has to perform 4 × (9 × 16 + 9 × 4 + 4) = 736 different RDO calculations before a best RDO mode is determined [12, 13] . As a result, the complexity of the encoder is extremely high.
Fast intramode selection algorithm
It is observed that the modes that provide the least residue energy will also result in minimum rate R and hence minimize the Lagrangian cost. Also, the pixels along the directional correlation of the block normally have similar values. Therefore, a good prediction could be attained if we predict the pixels using their neighboring pixels that are in the same directional correlation of the block. Several algorithms exist to get the directional correlation of the block [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . However, these algorithms may increase the bit rate or may not perform sufficient complexity reduction due to the required pre-calculations and/or may affect heavily the PSNR degradation. The algorithm described in this paper is based on the vector of the block's gravity center. The direction of this vector is used to select the direction of intraprediction. Our algorithm leads to simplicity in terms of computational complexity and good performance in determining the best prediction mode. In the remaining part of this section, we explain in detail the fast intraprediction algorithm based on the vector of the block's gravity center.
Gravity center of the block theory
In order to obtain the directional correlation of the block to be predicted, the direction of the blocks gravity center is computed. In this study, the blocks are regarded as a system of material points in the plane. The pixel, in a luma (or chroma) block, is considered as a material point and the intensity of this pixel is regarded as the pixel mass. Hence, for every block in the image and at every instant in time, there is a unique location in space (G), representing the block's gravity center and computed as the average mass, i.e., the average position of the system's pixel values.
In an orthonormal coordinate system (O,
, for a block, the origin is chosen to be the block's center, i represents the horizontal direction to the right, and j the vertical direction to the bottom. The coordinates of each pixel in this block are a pair of numbers that define its exact location on a two-dimensional plane. Recall that the coordinate plane has two axes at right angles to each other, called the x and y axes. We denote by P x,y the pixel for which the coordinates are x and y. x is the abscissa and it specifies how far along the x (horizontal) axis the pixel is. y is the ordinate and it specifies how far along the y (vertical) axis the pixel is. We note that x and y axes refer to the block.
−→ O P x,y represents the vector of the pixel for which the coordinates are x and y.
The vector of the gravity center − − → OG of the block is written in terms of the pixels values and their coordinates and is defined by:
where
where I x,y is the intensity of the pixel of location (x, y) of a block, (X, Y ) is the coordinate of the gravity center of a block, (x 0 , y 0 ) is the coordinate of the pixel up-left of a block, and (M, N ) is the block dimension. The direction of the block's gravity center vector (OG) is computed by
The amplitude of this vector is measured by:
Gravity center direction and block correlation direction
To study the relation between the direction of the gravity center vector and the directional correlation of the block, we examine fewer correlation directions of the 4 × 4 blocks. The Eq. (1) that used to compute the vector of block gravity center is applied for the block containing the pixels of the block 4 × 4 (a to p), the four pixels of upper adjacent block (A to D), the four pixels of left adjacent block (I to L), and one pixel of up-left adjacent block (Q). The orthonormal coordinate system (O,
is positioned as shown in the Fig. 3 . The origin is chosen to be the center of block formed by block 4 × 4 and their neighboring pixels, i represents the horizontal direction to the right, and j the vertical direction to the bottom.
Figures 3a and b represent, respectively, the horizontal and vertical correlation block. In these figures, the dots represent the pixels of the current block and their neighboring pixels. Dots that have the same color have the same value.
In the block vertical correlation direction as shown in Fig. 3a , all pixels from the same column have the same value. For more explanation, each pixel of the set of pixels {Q, I, J, K , L}, {A, a, e, i, m}, {B, b, f, j, n}, {C, c, g, k, o}, and {D, d, h, l, p} have, respectively, the value β 1 , β 2 , β 3 , β 4 , and β 5 , where β 1 to β 5 are the constants values. So, to obtain the direction of the gravity center of this block, we applied the Eq. (1) for this block.
If we let M be the sum of values of the current block pixels and of the adjacent blocks pixels that are used for the intraprediction, the formula of the equation used for computation this sum is defined as follow:
The Eq.
(1) applied for the block of Fig. 3a can be written as follow:
By summing the above expressions, the vector − − → OG can be expressed as:
where β is a constant value. From these computations, we found that the direction of the gravity center vector is perpendicular to the vertical direction correlation of the block.
In the block horizontal correlation direction as shown in Fig. 3b , all pixels from the same row have the same value. We let α 1 , α 2 , α 3 , α 4 , and α 5 be the values of the pixels in rows 1, 2, 3, 4, and 5, respectively. To compute the gravity center vector of this block, the Eq. (1) is applied for this block and can be written as below:
Hence, this Eq. (7) can be simplified by :
where α is a constant value. From this above computation, we show that the direction of gravity center vector is perpendicular to the horizontal directional correlation of the block.
As shown in the previous results, we conclude that the direction of the gravity center vector of the block is perpendicular to the directional correlation of this block. This result is valid for all directional intraprediction of the block. (The same process is applied for all directional intraprediction.) Figure 4 shows examples of 4 × 4 blocks intraprediction directions and their corresponding gravity center direction. Hence, the correlation direction of the block is determined by the direction of its gravity center vector.
Gravity center and directional intraprediction of H.264/AVC
In H.264/AV C, intraprediction uses different size block, and each block has a limited number of the intraprediction direction. Hence, we use the angle of the vector of the block gravity center to determine the intraprediction mode of this block. However, we do not have exactly the directional intra- prediction mode, due to the fact that the pixels in the same direction do not have exactly the same value. Also, the directional prediction modes in H.264/AVC are only represented in the half circle. The angle of the gravity center of the block can have the value between 0 and 2 or this direction depends on the directional correlation and the position of the greater and the smaller pixel values. The directional correlation is circularly symmetric. In order to determine the best intraprediction candidate in H.264/AVC, the [0, 2 ] angle interval of the block's gravity center is partitioned into a set of subintervals, and each subinterval is associated with a prediction mode.
4 × 4 Luma block directional correlation
The 4×4 luma blocks are more suitable to predict the pictures with significant details. There are nine prediction modes, the DC prediction mode and eight directional prediction modes are specified as illustrated in Fig. 2 . The prediction directions of these modes are only represented in the half circle as shown in Fig. 2b . The border between any two adjacent directional prediction modes is the bisectrix of the two corresponding directions. It is important to note that Mode 3 and Mode 8 are adjacent due to circular symmetry of the prediction modes. The mode of each 4 × 4 block is determined by its gravity center direction. Therefore, the gravity center directions of the 4 × 4 block's and its preferred 4 × 4 intraprediction mode are described as follow. For each 4 × 4 luma block, let θ 1 be the angle of the 4 × 4-block's gravity center, and let β 1 = θ 1 − π 2 , then: Note that the DC mode has no direction. This mode is used for smoothness purposes of the block. So, in order to decide whether this mode is another prediction mode candidate, we can compare the amplitude of the block's gravity center with a threshold value. However, it is difficult to pre-define a universal threshold that suits for different block contexts and different video sequences. Since the 4 × 4 block has the smallest block size, the DC mode of a 4 × 4 block is likely to be the best prediction mode of the nine modes. Hence, the DC mode is always a prediction mode candidate for 4 × 4 intrablocks.
The 8 × 8 intrablock has nine directional predictions and are similar to those of the 4×4 intrablock. For this reason, we use the direction of the block's gravity center to determine the directional correlation of 8 × 8 intrablocks using similar steps used for 4 × 4 intrablocks.
16 × 16 Luma and 8 × 8 chroma block directional correlation
In the case of 16 × 16 luma and 8 × 8 chroma blocks, there are only two directional prediction modes, plus a plane prediction and a DC prediction mode. Therefore, the direction of the block's gravity center for this case will be based on three directions, i.e., horizontal, vertical, and diagonal (plane) directions. We note that both diagonal down-right and diagonal down-left prediction modes are associated with the plane prediction. So, to determine the prediction mode candidate, we associate the directional correlation for horizontal and vertical prediction modes to their corresponding areas of the block's gravity center direction and the rest of this areas is associated with the plane mode. Therefore, for each 16 × 16 luma block (8 × 8 chroma block), the gravity center direction of this block and their corresponding prediction modes are represented as follow. For each 16 × 16 luma block (8 × 8 chroma block), let θ 2 be the gravity center angle and let β 2 = θ 2 − π/2, then:
Mode decision for intraprediction
As mentioned previously, our algorithm uses the gravity center method to determine the correlation direction of the block. In addition, the proposed algorithm introduces also a technique which is based on the key observation of the fact that the correlation direction of a smaller block is similar to that of larger block, i.e., the correlation direction of 4 × 4 block within 8 × 8 block has the most probably to have the same direction as that of this 8×8 block. Based on these techniques, the ultra-fast intraprediction algorithm for H.264/AVC video coding selects a small number of the prediction modes as the candidates to be used in RDO computation. It should be noted that the actual RDO computation in H.264/AVC intracoding is based on the reconstructed images. So, we can determine the candidate mode for intracoding block size by the following rules:
Step 1: Obtain the directional correlation for the sixteen 4 × 4 blocks building the 16 × 16 MB by using the gravity center method and then calculate, for all 4 × 4 blocks, the RDO for the DC mode and the mode direction selected by gravity center method.
Step 2: For each 8 × 8 block, the prediction mode candidates of intra-8 × 8 are: the mode selected by the gravity center method of 8×8 block and the modes of the four 4 × 4 block making this 8 × 8 block and then calculate the RDO for these candidate modes.
Step 3: The prediction mode candidates of intra- 16 × 16 are the DC mode, the mode selected by the gravity center method for 16 × 16 blocks, and the modes resulting from the 8 × 8 block making this 16 × 6 block as described in Table 1 . The RDO is computed for these candidate modes. Step 4: The prediction mode candidates of chroma 8 × 8 are similar to those of intra 16 × 16. However, in chroma 8 × 8, the RDO is computed for the DC mode and for the best mode of luma intra 16 × 16.
Computational complexity assessment
In this section, numerical comparisons are made between our algorithm and the fast algorithms in terms of the RDO calculation and the calculation operations. Table 2 summarizes the number of candidate modes selected for R DO computation by the fast intraprediction methods.
The number of the RDO calculation
As it can be seen from Table 2 MB is identical to the modes of this MB that is resulted by the 8 × 8 blocks as described in Table 1 . -The best intraprediction mode of the MB is the DC mode. Table 3 gives the comparisons of the computational complexity of different methods. In Pan et al.'s algorithm, the Sobel edge operator for each of the luma or chroma samples needs 5 integer additions and 1 shifting operation. So, the horizontal and the vertical Sobel operations for each sample need at least 10 integer additions and 2 shifting operations. Hence, the Sobel operations for a sixteen 4 × 4 blocks need 2,560 integer additions and 512 shifting operations. To get the direction of the edge for each sample, a division operation is necessary. So, there are totally 256 division operations for a whole sixteen 4 × 4 blocks.
The number of the calculation operations
In Su et al.'s algorithm, the integer transform for a 4 × 4 block needs 64 integer addition and 16 shifting operations. Therefore, there are totally 1,024 integer addition and 256 shifting operations for a sixteen 4 × 4 blocks. To obtain the value of tan θ for the two components, 1 float addition is employed. Certainly, 16 division operations are needed to obtain the local directions of the sixteen 4 × 4 blocks.
Li et al's algorithm needs 24 integer addition operations for computing the four NHT coefficients for a 4 × 4 block, 5 integer addition, and 3 division operations for a function used to perform a threshold, 1 shifting operation to choose EMA (edge model auxiliary diagonal) or EMP (edge model principal), and 4 addition operations on choosing EMA-IA, EMA-IB, or EMA-IC (first edge model auxiliary diagonal A, B, or C). Therefore, there are totally more than 508 integer addition, 16 shifting operations, and 48 division operations for a sixteen 4 × 4 blocks. However, this method needs a lot of comparisons to choose one model from 42 models.
However, in the gravity center method, for a 4 × 4 block, only 19 integer additions and 1 shifting operation are needed for one component of the gravity center vector. So, to compute the coordinates of the gravity center vector for each 4×4 block, it requires at least 38 integer additions and 2 shifting operations. In total, there are 608 integer additions and 32 shifting operations for a sixteen 4 × 4 blocks. To obtain the value of tan θ ., for the two components, only 1 float division is employed. Certainly, 16 division operations are needed to obtain the local directions of the sixteen 4 × 4 blocks.
From these comparisons, it is obvious that the complexity of our algorithm of directional correlation determination is far less than Pan et al. ' the number of operations approximates the number of operations used in our algorithm. Hence, our algorithm is more suitable than all others algorithms that are using large number of operations to determine the best intraprediction mode candidate. [17] , and the proposed fast intraprediction algorithm. All the algorithms were implemented into H.264/AV C reference software J M10.1 [20] . The system platform is the Intel Pentium (R) D CPU Processor of speed 3.4 GHz, 0.97 Gbytes R AM, and Microsoft Windows XP. The test conditions are as follows:
Experimental results
-MV search range is ±32 pels for QCIF and CIF, -RD optimization is enabled, -Reference frame number equals to 1, -Motion estimation scheme is Full Search, -MV resolution is 1/4 pel, -CABAC is enabled, -GOP structure is full I, IPPP, or IBBPBBP, -The number of frames of each sequence is 150, -FREXT Profile: High profile, -Two different frame formats, QCIF (144 × 176) and CIF(288 × 352) are used, -All test sequences are in 4:2:0 formats. -Frame Rate per second equals to 30 fps A group of experiments were carried out on the test sequences with the 4 quantization parameters, i.e., Q P = 28, 32, 36 and 40 as specified in [21] . 
where the average mean square error (MSE) and the mean square error (MSE) are, respectively, defined by the following Eqs. (10) and (11) .
Here, S and S are the original and the reconstructed luma (Y) or chroma (U,V) pictures, (m, n) are the coordinates, and M and N are, respectively, the width and height of pictures.
The comparisons with the case of exhaustive search were performed with respect to the P SN R difference ( PSNR), the data bits rate difference ( Bit), and the difference of coding time ( Time).
In order to evaluate the time saving of the fast prediction algorithm, the following calculation is defined to find the time differences. Let T JM denote the coding time used by full search intraprediction algorithm of JM10.1 encoder and T FI be the time taken by the fast mode decision algorithm, the time difference is defined as:
The differences between PSNR and bit rate are calculated according to the numerical averages between the RD curves Mother ( derived from the JM 10.1 original encoder and the proposed fast algorithm, respectively. The detailed procedures for calculating these differences can be found in a JVT document by Bjontegaard [21] , which is recommended by the JVT Test Model Ad Hoc Group [22] .
Experiments on IPPPP sequences
The P-frame coding is a technique included in the baseline profile of H.264/AVC. Therefore, the IPPPPP structure is widely adopted in many applications, and the coding efficiency with this structure is improved in comparison with the all the I-frames structure. In the IPPPPP structure encoding, MBs in P-frame also can adopt intracoding as the possible coding modes in RDO operation [13, 15] . Table 4 shows the tabulated performance comparison of the proposed algorithm, DCT [15] , sobel [13] , and NHT [16, 17] algorithms for various sequences with IPPP type. In this experiment, the total number of frames is 150 for each sequence, and the period of I-frames is 50, i.e., there is one I-frame for every 50 coded frames. Note that in the tables, positive values mean increments and negative values mean decrements.
It can be seen from Table 4 that the proposed algorithm achieves very high encoding time saving (average 24.54%), which means that our algorithm only takes about 3/4 of the time that is needed by the default algorithm in JM10. 6 show the RD performance and the computation time for the IPPP sequences "NEWS". Figure 5 representing the RD curves found in the four cases: the proposed gravity method, Sobel method, DCT method, and NHT method, shows that these curves are almost overlapping each other. It means that the performance of the proposed algorithm is almost similar to that of the other methods, whereas Fig. 6 reveals that the encoding time with our fast prediction algorithm is distinctly less than that required by the other methods under the same test conditions.
Experiments on IBBPBB sequences
The B-frame coding is a technique included in the main profile of H.264/AVC, and this tool improves the coding efficiency in comparison with the P-frame encoding. In this simulation, the picture type is set to IBBPB, i.e., there are two B-frames between any two I-or P-frames. The total number of the frames is 150 for each of the sequences. The period of I-frames is 50, i.e., one I-frame is inserted into every 50 frames. Table 5 shows the performance comparison of the proposed algorithm with Pan et al's, Su et al's, and Li et al's algorithms for various sequences of IBBPB type. It is noted that the time saving for this type of sequence is much less than that of the IPPPP format. This is due to the fact that in H.264/AVC coding, in B-frame coding, the motion estimation takes much longer time than that in P-frame coding.
From Table 5 , it is observed that our algorithm achieves Fig. 7 , these four RD curves show that our fast algorithm has the similar RDO performances as that of the other algorithms.
Experiments on all intraframes sequences
In this experiment, a total number of 150 frames are used for each sequence, and the period of I-frames is set to 1, i.e., all the frames in the sequence are intracoded. In all the I-frames structure encoding, for each MB in each frame of this sequence, intracoding is chosen as the possible coding modes in RDO operation, thus great time saving is expected by using the fast intracoding algorithms for this structure encoding. Table 6 shows the simulation results of the proposed algorithm, DCT [15] , sobel [13] , and NHT [16, 17] sequences with the least gain of 75.0667% in "Coastguard" and most gain of 87.7112% in "Silent."
The sequences "Silent" and "News" show strong spatial homogeneity. The directional correlations of the small blocks for these sequences are similar to these of the bigger block containing those small blocks. Since the lowest number of RDO calculation by our algorithm is applied, the gain in coding speed is high with our algorithm for these sequences. On the other hand, the sequences "Coastguard" and "Foreman" have more non-homogeneous regions in frames. Therefore, the time saving for these sequences is not as much compared with previous sequences.
Conclusion
In this paper, we proposed a fast algorithm, namely, The ultrafast intraprediction algorithm for H.264/AVC video coding. The algorithm improves the computational performance of intraframe coding, thus reducing the implementation requirements in real applications. Improvement is accomplished by discarding the least possible modes to be selected. The fast intraprediction algorithm selects in a smart way fewer candidate modes required to undergo expensive Lagrangian evaluation. It only uses the value of the angle of the block's gravity center to select the best intraprediction mode. This algorithm requires less computational complexity. The results of extensive simulations demonstrate that the proposed algorithm can attain a time saving that is very high than recent and referenced algorithms. This is achieved without sacrificing both picture quality and bit rate efficiency.
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